Magnesium and potassium depletion, which may result from the use of loop-blocking diuretics, contributes to the morbidity and mortality of cardio-vascular diseases including congestive cardiac failure, coronary artery disease and cardiac arrhythmias.' Intracellular magnesium and potassium levels are difficult to assess indirectly, with no correlation between serum and tissue levels of magnesium and a poor correlation between serum and tissue levels of potassium." Some animal studies have shown a relationship between lymphocyte and cardiac muscle magnesium concentrations] but this has yet to be reliably shown in human tissues.
The purpose of this study was to investigate whether plasma, erythrocyte, mononuclear blood cells (MBC) or skeletal muscle concentrations of magnesium and potassium might provide a surrogate measure of concentrations in cardiac muscle.
PATIENTS AND METHODS
Samples were taken with informed consent from 23 patients aged 43-72, mean 62 years, receiving cardio-thoracic surgery (11 coronary by-pass graft, eight valve replacement, three coronary bypass graft with valve replacement and one atrial septral defect closure). Prior to admission 21 of the patients had been receiving medication; five frusemide, five frusemide and amiloride and 11 calcium antagonists and/or nitrates. Blood samples were taken before pre-operative medication. MBCs were isolated from heparinized Correspondence: Mr J A Tovey, Department of Medical Biochemistry, University Hospital of Wales, Heath Park, Cardiff, South Glamorgan CF4 4XN, UK. blood by density gradient separation on Ficoll-Hypaque [Pharmacia (GB) Ltd] washed three times with Dubelco-A phosphate buffered saline (Oxoid Ltd) and the pellet dried for 18 h at 120 DC to yield 1-3 mg dry weight of cells. Perchloric acid lysates of erythrocytes were prepared as described by Bonnay et al.] Pectoral muscle biopsies were taken at the start of operation. Cardiac muscle was taken from the left atrial appendage without ligation and prior to cardio-pulmonary bypass. Muscle tissue (22-120 mg) was separated from visible connective tissue and fat, and a fat-free dried extract prepared." Muscle and MBC samples were wet ashed with 200 iLL of concentrated nitric acid (5 h at 80 DC) before analysis.
Magnesium was assayed by flame atomic absorption spectrophotometry using a lanthanum chloride diluent. Serum potassium was assayed by ISE on a SMAC II analyser (Bayer Diagnostics, UK Ltd). For all other samples potassium was analysed by flame emission spectrophotometry after dilution with a triton/nitric acid diluent (10/0 aqueous solution). MBC results were expressed as mmol/kg dry weight (dw) and muscle results as mmol/kg fat-free dry weight (ffdw).
RESULTS AND DISCUSSION
The mean and standard deviation for magnesium concentrations were (n = 23): plasma O·88 ± 0'11 mmol/L, MBC 27' 9 ± 7· 1 mrnol/kg dw, erythrocytes 2 . II ± 0 . 27 mmol/L, pectoral 34·1 ±12·1 mmol/kg ffdw and atrial muscle 31 ·9 ± 5 . 2 mmol/kg ffdw. Potassium concentrations were (n = 23): plasma 4· 30 ± O' 39 mmol/L, MBC 408 ± 117 mmol/kg dw, erythrocytes 69· 4 ± 6' 1 mmol/L, pectoral 345 ± 140 mmol/kg ffdw and atrial muscle 273 ± 39 mmol/kg ffdw.
The concentrations of magnesium and potassium in skeletal pectoral muscle correlated significantly with their concentrations in cardiac atrial muscle (P<0'02 for Mg; P<O'01 for K). However, the concentrations of either cation in plasma, erythrocytes or MBCs did not correlate with cardiac muscle levels.
CONCLUSIONS concentrations in atrial muscle. This indicates that magnesium and potassium levels in these tissues would not be of use as surrogate measures of cardiac muscle levels. Other human studies have similarly been unable to establish a significant relationship between the concentrations of magnesium and potassium in lymphocytes and skeletal muscle' or between serum ultrafiltrate, erythrocytes, bone and skeletal muscle.s With one exception, the series of patients in this study had normal plasma levels of magnesium and potassium. While there was no correlation between serum, erythrocyte and MBC concentrations of these ions and cardiac muscle concentrations in this group of patients, further study is needed to investigate whether this also applies to patients with demonstrable magnesium and potassium depletion and reduced muscle levels of these ions. P<0'02; K ,=0'616, P<O'01; Fig. 1 ). This suggests that concentrations in skeletal muscle biopsies could be used to provide a surrogate measure of levels in cardiac muscle. However, caution is needed before extrapolating results from skeletal to cardiac muscle, as, first, the range of results for pectoral muscle (Mg 10· 8-55.2 mrnol/kg ffdw, K 98-769 mmol/kg ffdw) was greater than that of atrial muscle (Mg 24· 8-45' 3 mmol/kg ffdw, K 198-373 mmol/kg ffdw). Secondly, the mean potassium concentration for pectoral muscle (345 mmollkg ffdw) was significantly higher (P<0·02, Wilcoxon test) than the mean for atrial muscle (273 mmol/kg ffdw). Dyckner and Wester (1984) wrote that the normal values for these ions in skeletal muscle are similar but somewhat higher than those for the normal myocardium and also, that as these ions are more easily exchanged in the myocardium, skeletal muscle levels would not accurately reflect acute changes in the myocardium. s No significant correlation was found between concentrations of magnesium and potassium in plasma, erythrocytes and MBCs with
